As a consequence of rapid progress in agricultural biotechnology, increasing amounts of genetically modified (GM) crops have entered the food and feed chain in recent years. The aim of our study, which conducted during 2000-2001, was to monitor the incidence of Roundup Ready soyabean (RRS) and the GM maize lines Bt176, Bt11, T25, MON810 and StarLink in Egypt. With the exception of StarLink, which was approved only for feed use, the other constructs were approved for use as food and/or feed in the US and other countries. Fifty one soyabean samples and 61 maize samples were randomly collected from different localities in Egypt. The detection techniques applied were based on Polymerase Chain Reaction (PCR) using validated, official detection methods according to Article 35 of the German Federal Foodstuffs Act. The results of our survey showed that all soyabean samples imported from Argentina, and 50% of American soyabean samples contained RRS. Of the 20 maize samples imported from USA, 16 contained Bt176, 17 Bt11, 12 MON810, 19 T25 and 9 StarLink. In addition, of the 7 maize samples imported from Argentina, 4 contained Bt176 and MON810, 5 T25, 6 Bt11 and 2 StarLink. In contrast, all Egyptian local varieties of soyabean and maize were non transgenic.
INTRODUCTION
Biotechnology offers enormous potential for world agriculture. This includes the production of higher yields with decreasing use of herbicides and pesticides, the resistance to insects, diseases, abiotic stresses and improved nutritional characteristics (Flachowsky and Aulrich, 2001) . Practical examples for modified feed crops from the nutritional viewpoint are soyabean or maize expressing fungal phytase (an enzyme that catalyses the release of phosphate from plants) to ameliorate the bioavailability of phosphorus (Denbow et al., 1998; Spencer et al., 2000) .
To date, in the European Union, a wide regulatory framework controls multiple aspects of GM technology from the deliberate release of GM crops and seeds to the final food product. Apart from a thorough safety evaluation, Europe now requires mandatory labelling of GM foods. Furthermore, the EU established a 1% threshold for unintended contamination of unmodified foods with approved GM constructs. However, up to now no labelling is required for animal feeds. In Japan a threshold of 5% for frequently used GM crops was implemented. In the United States, GM crops or products are not labelled. However, GM plant varieties must be reviewed by a number of competent authorities including the Centre for Food Safety and Applied Nutrition (CFSAN), the Centre for Veterinary Medicine (CVM) and the Food and Drug Association (FDA). Based on information provided by the applicant the safety of the new product is evaluated prior to marketing. Today the most commonly grown transgenic crops are soyabean and maize, which represent a major source of protein and energy for livestock production. In 2001, 53 million ha of GM crops were cultivated worldwide and the trend is increasing (James, 1999) . Although Egypt mainly depends on imported soyabean and maize, these crops are only evaluated for nutrient content and mycotoxin contamination, but not for the presence of GM constructs. As a result, there is no information available on the presence or absence of GM crops used as animal feed.
Our work aimed to monitor the incidence of genetically modified soyabean and maize in Egypt especially that used for animal feed. To achieve this goal, 51 soyabean samples and 61 maize samples were randomly collected from different localities in Egypt and subjected to detection techniques based on Polymerase Chain Reaction (PCR) using the official detection methods according to Article 35 of the German Federal Foodstuffs Act.
MATERIAL AND METHODS

Sampling
Fifty one soyabean samples and 61 maize samples were randomly collected from different localities in Egypt during the years 2000/2001. The soyabean samples (Table 1) contained 28 samples of soyabean seeds, of which 27 were local Egyptian varieties and one was of USA origin. Twenty two samples of soyabean meal which were imported from either USA or Argentina. Additionally 1 sample of full fat soyabean was obtained from the Egyptian market. The maize samples ( Table 2) consisted mainly of whole grains. Thirty three samples were from different Egyptian varieties, 24 samples were imported from USA or Argentina and 4 additional samples consisted of maize gluten. One of the gluten samples was produced in Egypt whereas the other 3 samples were imported from USA.
Reference materials
Certified reference materials (CRM), produced by the Institute for Reference Material and Measurements (Geel, Belgium) were used as negative and positive Extraction and purification of genomic DNA Soyabean and maize samples were ground in an electric grinder. The resulting flour (200 mg) as well as 200 mg from the CRM were used for the extraction of the genomic DNA by the cetyltrimethylammonium bromide method (CTAB) according to No. L-15. 05-1 (2002) . From each sample two independent extraction were performed. In addition to 200 µl of deionized water was used as a blank sample and subjected to extraction and further treated in the same way as samples to control the reagents used and the procedure of the work. The extracted DNA pellet was air dried under vacuum and was resuspended in 50 µl deionized water (Fluka, Germany). The concentration of the isolated DNA was measured fluorometerically using Dynaquant 200 system fluorimeter, according to the manufacturers instructions. The DNA concentration was adjusted by dilution using deionized water to 20-25 ng/µl prior to PCR.
Oligonucleotides primers used and PCR conditions
Primers used in this study are listed in Table 3 . All primers were synthesised by TIB MOLBIOL (Berlin,Germany) and obtained in a lyophilized state. All primers were solved before using to obtain final concentration of 20 pmol/µl. For detection of StarLink maize (Aventis) a commercial kit purchased from GeneScan Europe, Freiburg (Germany; GMO/Ident Kit StarLink TM maize) was used.
DNA amplification and PCR condition
PCR was carried out on a Gene Amp. PCR system 2400 (Perkin Elmer, Germany). For each series, a master mix was prepared. Each PCR reaction mix (25 µl total volume) contained 2.5 µl PCR buffer (10x concentrate, Perkin Elmer), 2 µl MgCl 2 solution (25 mM MgCl 2 ), 1 µl dNTP solution 0.2 mM each of dATP, dCTP, dGTP and dTTP, 0.5 µM of each primer, 1 Unit AmpliTaq Gold polymerase (Perkin Elmer), 2 µl of template DNA and completed to 25 µl with purified water. Table 4 explains the time/temperature profiles used in PCR. All amplicons were stored at 4°C until gel electrophoresis.
Gel electrophoresis
Amplicons together with 50 bp DNA marker (Gibco BRL, USA) were separated on 2% W/V Agarose LE (Roche) gels. The amplicons were made visible by ethidium bromide staining and documented using UV transillumination (254 nm) with a Phoretix workstation (Biostep, Germany).
RESULTS AND DISCUSSION
Amplification of extracted DNA
The primer pair GM 03/GM 04 is specific for the single copy lectin gene LE1 and yields a PCR product of 118 bp size (Meyer et al., 1996) . It is detectable in transgenic as well as in conventional soyabean (soyabean specific primer pair). The primer pair Ivr1-F/Ivr1-R is specific for the invertase gene and flanks part of exon number 3 of this gene. It gives rise to a 226 bp amplicon (Ehlers et al., 1997) . This product is detectable in transgenic, as well as in conventional maize (maize specific primer pair). Soyabean and maize specific primer pairs served as a control for the amplification of the isolated DNA and PCR procedure (PCR quality control). All tested samples gave positive results (not shown) with the amplification control primer pairs.
DNA target sequences detection
The primer pair p35s-f2/petu-r1 is specific for the genetic modification in Roundup Ready TM soyabean and amplifies a 172 bp segment (Wurz and Willmund, 1997) . The primer pair attaches to the CaMV35 S promoter sequence and the petunia hybrid chloroplast transit-signal sequence. The amplicon is only detected in transgenic samples and GMO containing CRM as presented in the example in Figure 1.
For the specific identification of transgenic maize Event Bt176 by PCR the primer pair cry03/cry04 were used. The resulting sequence of 211 bp size is amplified from a genomic region between two adjacent genetic elements, namely the CDPK promoter and the N-terminus of the synthetic cryIA(b) gene (Hupfer et al., 1998) . This 211 bp amplicon appears only in transgenic maize samples, as well as GMO containing CRM (Figure 2) .
Primer pairs IVS2-2/PAT-B were used for the detection of the transition site from the intron IVS2 into the PAT gene in Bt11 maize. The bacterial PAT gene codes for the enzyme phosphinotricine N-acetyl transferase giving rise to the resistance of Bt11 maize to the herbicide phosphinotricine. Primer pair T25-F7/T25-R3 were used for the detection of the transition site between the CaMV-terminator into the PAT gene in T25 maize and primer pair VW01/VW03 flanks the transition site from the genomic maize DNA into the CaMV-Promotor in MON810 maize, thus representing an event specific detection system according to No. L-15. 05-1 (2002) . Figures 3, 4 and 5 show results obtained for maize lines Bt11, MON810 and T25. Positive samples as well as 0.1 and 1% positive controls revealed amplicons of the the expected size of 189, 170 and 209 bp respectively, while the negative control and negative samples gave no amplification product after PCR. For the detection of StarLink maize commercial kit was used. An amplicon of 133 bp is specific for the presence of DNA from StarLink maize. It does not occur in negative samples ( Figure 6 ).
Investigated Samples
Tables 1 and 2 summarise the results of the examined soyabean and maize samples, respectively, and the origin of the samples. All 27 locally breed soyabean samples tested negative in PCR analyses when using primer pair p35s-f2/petu-r1 and thus did not contain any genetically modified material (Table 1) . In contrast, all 13 samples imported from Argentina and 5 out of the 10 samples imported from the USA tested positive for Roundup Ready TM soyabean. Table 2 demonstrates the results of PCR for the maize samples examined. All native varieties cultivated in Egypt (33 grain samples) were negative to all primers used in this study which established that the local Egyptian maize varieties were non transgenic. In contrast, all imported maize samples tested positive for GM maize.
With respect to the 20 maize samples imported from USA, 80% contained Bt176, 85% Bt11, 60% MON810, 95% T25 and 45% StarLink maize. Furthermore, of the 7 maize samples imported from Argentina 57% contained Bt176 and MON 810, 71% T25, 85% Bt11 and 28% StarLink (Figure 7) . Nearly all maize samples contained more than one GM construct. Four samples even contained a mixture of all five GM constructs investigated. Of these, one sample was from Argentina and three were from USA. The pattern of the distribution of the GM maize constructs among the imported samples was considerably and indicated different lots taken from sampling localities.
The results clearly show that imported maize and soyabean intended for animal feed in Egypt contained GM varieties to a high degree, including mixtures of several lines. In contrast, all local Egyptian varieties were free from GMO with exception of one maize gluten sample which produced in Egypt but which was probably made from imported seeds. Since no quantitative analysis was carried out, the absolute percentage of each GM line in the samples was not determined. However, the primary aim of this investigation was to present an overview on the situ- All GMOs examined here have been approved in other countries and have passed a safety evaluation. Nevertheless it cannot be excluded, that non-approved GM breeds may enter in uncontrolled markets. Therefore qualitative, sensitive methods, as used here, would be suited for monitoring programmes. The urgent need to monitor feed and food for the presence of GMO is underlined by the example of Star-Link maize. This GM maize line, produced by Aventis Crop Inc., has been assessed for animal feed use exclusively in USA. Recently it entered the food chain unintentionally although it was suspected to produce allergenic potential for humans, but in spite of intensive investigations no allergic reactions were noted or attributed to StarLink (FDA and CDC, 2001) .
In conclusion, all local Egyptian varieties of both, soyabean and maize contained no transgenic material from the constructs discussed in this study. On the other hand, the imported varieties of both, soyabean and maize contained a number of GM constructs. Therefore Egypt and other importing countries need to monitor imported feeds if they required labelling of such products.
